Introduction {#sec1}
============

Patients with severe aortic stenosis have an increased risk of gastrointestinal (GI) bleeding that can be due to angiodysplasias in the GI tract; this association has been termed Heyde syndrome. High gradients across a severely stenotic aortic valve cause disruption of the von Willebrand factor and deficiency of large von Willebrand multimers. In one study, nine out of 42 (21%) patients with severe aortic stenosis had a history of bleeding, most often from skin or mucosal sites. In the same study, two out of eight patients with moderate aortic stenosis also had a history of hemorrhagic syndrome that required treatment. True mild aortic stenosis has, at least to our knowledge, not been described in the literature as a cause for Heyde syndrome. We here present a case of a 42-year-old man with a body weight of 160 kg who was diagnosed with Heyde syndrome in mild aortic stenosis. Loss of large von Willebrand multimers were proven by multimeric analysis. Gradients across a mildly stenotic aortic valve were significantly increased secondary to high-output cardiac state, which was itself caused by the combination of anemia and high body weight. Once the anemia was corrected and the patient lost 20% of his body weight (30 kg) with diuresis, the high-output state and flow across the aortic valve improved, gradients decreased, and the patient had no further episode of GI bleeding. We conclude that the patient was in a vicious circle where anemia eventually triggered further GI blood loss caused by Heyde syndrome in high-output cardiac state.

Case Presentation {#sec2}
=================

A 42-year-old man was admitted to the hospital because of significant weight gain to 160 kg, worsening leg swelling, dyspnea, and anemia. These symptoms had been present for at least 3 years to a lesser extent but got significantly worse. One week before admission he presented to a different hospital with acute dyspnea where a computed tomography (CT) chest examination was performed, pulmonary embolism was excluded, and the patient was subsequently discharged. A dilated right heart and main pulmonary artery (39 mm) were also reported. Lung fields were normal, and with no pleural effusion. Furthermore, the spleen was reported as mildly enlarged, and there was a small amount of ascites.

His past medical history included recurrent GI bleeding of unknown cause, iron deficiency anemia, a history of thrombosis of the left jugular and subclavian vein, obstructive sleep apnea, hypertension, restless legs syndrome, and obesity. Three years earlier colonoscopy was performed during an episode of severe rectal bleeding requiring hospital admission and transfusion of two units of red cells. At that time no source of bleeding was found. However, there was diffuse blood clot formation in the entire colon. Repeat CT virtual colonoscopy 6 weeks later was reportedly normal.

Upon current admission his weight was 160 kg and height was 185 cm, resulting in a body mass index of 46 and a body surface area of 2.7 m^2^. He was afebrile, heart rate was 82, blood pressure was 140/80 mm Hg, and oxygen saturation was 94% breathing ambient air. There was a mild systolic murmur, and his chest was clear. There was gross pitting edema on both legs up to the thighs. He was admitted to a medical ward for further investigation.

Blood results showed a microcytic anemia (hemoglobin, 8.9 g/dL; mean cellular hemoglobin, 18 pg); platelet count was 160,000, lactate dehydrogenase was 292 U/L (135-225), ferritin was 14 ng/mL, and gamma-GT was 69 U/L. Liver and kidney function parameters were otherwise normal. NT-proBNP levels were elevated to 886 pg/mL. Thyroid-stimulating hormone was normal. Repeated fecal occult blood tests were highly positive. Electrocardiogram showed a normal sinus rhythm without repolarization abnormalities.

Echocardiogram showed significant but proportional dilatation of all cardiac chambers ([Figure 1](#fig1){ref-type="fig"}, [Video 1](#mmc1){ref-type="supplementary-material"}). Systolic function of both the left and right ventricle was normal ([Videos 1](#mmc1){ref-type="supplementary-material"} and [2](#mmc2){ref-type="supplementary-material"}). There was no evidence of abnormal atrial or left ventricular filling ([Figures 2](#fig2){ref-type="fig"} and [3](#fig3){ref-type="fig"}) or mitral regurgitation ([Video 3](#mmc3){ref-type="supplementary-material"}).Figure 1Echocardiogram demonstrating significant but proportional dilatation of all cardiac chambers. **(A)** The left ventricular end-diastolic volume was 230 mL (indexed 85 mL). **(B)** The tricuspid anulus was 4.78 cm, and the basal right ventricular diameter was 5.89 cm. **(C)** The left atrial area was 38 cm² (indexed 14 cm²). **(D)** The right atrial area was 33.2 cm² (indexed 12 cm²).Figure 2Pulsed-wave Doppler across mitral valve demonstrating near normal filling of left ventricle.Figure 3Pulsed-wave Doppler right upper pulmonary vein demonstrating near normal filling of left atrium.

There was significant aortic sclerosis of a probable bicuspid valve ([Figure 4](#fig4){ref-type="fig"}; [Videos 4](#mmc4){ref-type="supplementary-material"} and [5](#mmc5){ref-type="supplementary-material"}); maximal velocity at the aortic valve was significantly elevated to 3.7 m/sec, and the mean gradient was 37 mm Hg ([Figure 5](#fig5){ref-type="fig"}). There was no aortic insufficiency ([Video 6](#mmc6){ref-type="supplementary-material"}). Calculated aortic valve area was 2.2 cm^2^ by continuity equation methods. There was trivial tricuspid regurgitation, and systolic pulmonary artery pressure could not be reliably estimated. There was no other significant valvular abnormality. Transesophageal echocardiogram confirmed a calcified bicuspid aortic valve with good opening ([Video 7](#mmc7){ref-type="supplementary-material"}) and an aortic valve area of 2.4 cm^2^ ([Figure 6](#fig6){ref-type="fig"}). Agitated saline contrast study was performed to exclude an atrial septal defect and hepatopulmonary syndrome.Figure 4M-Mode aortic valve demonstrating good opening of aortic valve.Figure 5Continuous-wave Doppler signal across aortic valve demonstrating a maximum velocity of 3.7 m/sec and a mean gradient of 36.9 mm Hg.Figure 6Planimetric measurement of aortic valve orifice (2.4 cm^2^) during transesophageal echocardiography.

A ventilation/perfusion scan of the lungs was normal. CT imaging of the abdomen showed mild steatosis of the liver, mild hypertrophy of left liver segments, a spleen that was the upper limit of normal in size (14.7 cm), and trace ascites but was otherwise normal. Right heart catheterization was performed and showed significantly elevated cardiac output (thermodilution method) of 12.6 L/min \[cardiac index 4.7 L/min\]). Mean right atrial pressure was 13 mm Hg, and pulmonary artery pressures were 42/17 mm Hg with a mean of 32 mm Hg. Pulmonary wedge pressure was 17 mm Hg. Pulmonary vascular resistance was 64 dyn. Pulmonary artery saturations were 54%, and systemic saturation was 97%. Anemia and the positive fecal occult blood test were further investigated. Gastroscopy revealed mild gastritis and no evidence of varices or acute bleeding. Capsule endoscopy was performed and showed no signs of acute bleeding; however, several enlarged, angiodysplastic tortuous mucosal vessels were seen throughout the small intestines ([Figure 7](#fig7){ref-type="fig"}). Multimeric analysis of von Willebrand multimers was performed to investigate for an acquired von Willebrand syndrome (Heyde syndrome) and confirmed loss of large von Willebrand multimers ([Figure 8](#fig8){ref-type="fig"}).Figure 7Angiodysplastic vessels in the small intestines seen in capsule endoscopy.Figure 8Multimeric analysis of plasma demonstrating a deficiency of large von Willebrand multimers at presentation, which completely resolved after aortic valve replacement.

The diagnosis was made of high-output cardiac failure, most likely driven by anemia and obesity. GI blood loss was finally attributed to bleeding from GI angiodysplasias associated with an acquired deficiency of large von Willebrand multimers, that is, Heyde syndrome.[@bib1], [@bib2] Heyde syndrome was found to be secondary to mild aortic stenosis; however, gradients across the bicuspid aortic valve were nearly equivalent to those reported in severe aortic stenosis and were therefore a consequence of the high output state. The patient received intravenous furosemide as a continuous infusion and intravenous iron and subsequently lost 30 kg in weight within a week followed by discharge after 10 days. One month later during an outpatient clinic visit, a full blood count showed a hemoglobin of 12.6 and NT-proBNP of 210 pg/mL, and the patient reported resolution of all symptoms. Repeat echocardiography showed normalization of all cardiac chambers (left ventricular end-diastolic volume, 157 mL; indexed 59, mL/m^2^; right ventricular basal diameter, 40 mm), maximal velocity of 3.1 m/sec, and a mean gradient of 26 mm Hg across the aortic valve. After having lost 30 kg, his weight was 128 kg, resulting in a body mass index of 37 and a body surface area of 2.5 m^2^. The patient had no further GI bleeding during follow-up.

One year later the patient underwent aortic valve replacement due to endocarditis. After successful valve replacement, multimeric analysis of von Willebrand multimers was repeated and demonstrated a normal von Willebrand profile ([Figure 8](#fig8){ref-type="fig"}).

Discussion {#sec3}
==========

This is the first report of Heyde syndrome in mild aortic stenosis; however, transvalvular gradients were significantly increased due to high-output cardiac state, a consequence of anemia and high body weight. Once the anemia was corrected with intravenous iron and the patient lost 30 kg of fluid with diuresis, the mean transvalvular gradient decreased to values compatible with mild to moderate aortic stenosis, his symptoms abated, and there was no further adverse events. This case confirms that the severity of the abnormality is not related to the aortic valve orifice but to the mean transvalvular gradient.[@bib1], [@bib3] Our patient demonstrated a bicuspid aortic valve, a common congenital malformation with a suspected genetic basis.[@bib4] It is not known whether Heyde syndrome is associated with bicuspid aortic valves. Most cases of Heyde syndrome were demonstrated in patients with tricuspid aortic stenosis given the high frequency of this condition.

In Heyde syndrome, the risk of bleeding is a direct consequence of loss of large von Willebrand multimers during turbulent passage through the narrowed valve, which can also occur in other types of valvular regurgitation[@bib5], [@bib6] or in moderate aortic stenosis.[@bib7] An earlier study reported the loss of large multimers in patients with bleeding from colonic angiodysplasias in "mild" aortic stenosis; however, in that study transvalvular gradients were not presented and an effective orifice area of 1-1.5 cm^2^ was classified as mild.[@bib8] According to contemporary guidelines, an effective orifice area of 1-1.5 cm^2^ is classified as moderate aortic stenosis.[@bib9]

Our patient also had a history of thrombosis of the left jugular and subclavian vein, which is compatible with the notion that von Willebrand factor also interacts with platelets and that severe aortic stenosis is also associated with enhanced thrombin and platelet formation, that is, activation of blood coagulation.[@bib7] The effect of high shear stress in patients with aortic stenosis is ambivalent and comprises two aspects, the presence of bleeding prone lesions and the increased risk of thromboembolism, both of which were evident in our patient.

Conclusion {#sec4}
==========

This is the first case report of Heyde syndrome in mild aortic stenosis, even though transvalvular gradients were significantly elevated secondary to high-output cardiac state. Our patient was in a vicious circle where anemia eventually triggered further GI blood loss as a consequence of Heyde syndrome with high-output cardiac failure. Once the vicious circle was halted by correction of anemia and significant weight reduction due to diuresis, his symptoms abated and there was no further GI blood loss during follow-up.

Supplementary Data {#appsec1}
==================

Video 1Transthoracic four-chamber view demonstrating proportional dilatation of all cardiac chambers and preserved left and right ventricular function.Video 2Transthoracic parasternal long-axis view demonstrating good left ventricular function.Video 3Transthoracic four-chamber view color flow mode excluding significant mitral regurgitation.Video 4Transthoracic parasternal long-axis zoomed view demonstrating significant aortic sclerosis with good opening of aortic valve.Video 5Transthoracic five-chamber view demonstrating significant aortic sclerosis with good opening of aortic valve.Video 6Transthoracic five-chamber view color flow mode excluding aortic regurgitation.Video 7Transesophageal, midesophageal short-axis view of aortic valve demonstrating a calcified bicuspid aortic valve with good opening.
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